Introduction 19
Graphene related materials are proposed for bulk applications in electronic devices 1 , 20 nanocomposites 2-4 , supercapacitors 5 and hydrogen storage 6 , amongst others. Extensive research 21 is underway in order to improve the compatibility of graphene with processing solvents and 22 polymeric matrices for the preparation of composites 7, 8 . Covalent functionalisation provides an 23 effective means to adjust the energetics of the surface, as well as to introduce specific steric or 24 electrostatically stabilising moieties. Covalent approaches are more robust than non-covalent 25 alternatives, and avoid any equilibrium with excess free surfactant. These advantages are 26 important in many applications, for example, in the context of composites, where the aim is to 27 enhance the strength of graphene-polymer matrix interfaces. As well as improved compatibility, 28 covalent modification of graphene allows for the stable attachment of groups with specific 29 functional properties (e.g. fluorescent molecules, dopants, etc.) 9, 10 . 30
There are several methods in the literature aiming to produce single layer graphene (SLG) from a 31 variety of starting materials (such as few-layer graphenes (FLGs), natural graphite or graphene 32 nanoplatelets (GNPs)). These methods include liquid-phase 11 , mechanical 12 or electrochemical 33 exfoliation 13 , among others. Graphite Intercalation Compounds (GICs) are established precursors 34 to produce isolated graphene layers with minimal framework damage [14] [15] [16] . Exfoliated 35 graphenides can be prepared by various routes, including potassium/liquid ammonia intercalation 36 of graphite 14 and the spontaneous dissolution of potassium-based GICs in N-methyl-2-37 pyrrolidone (NMP) 17, 18 . Individual charged graphene sheets can be solvated in dry aprotic 38 solvents, and in one recent case, transferred to water 19 . Yet, to stabilise the graphene in other 39 solvents or nanocomposite materials, functional groups are often introduced. The use of 40 covalently grafted polymers is of particular interest for the preparation of nanocomposites 20 . 41
There are two main approaches to prepare polymer-modified carbon nanomaterials (CNMs): 42 grafting to and grafting from. The grafting to method involves the synthesis of a polymer with a 43 reactive end group that is attached to the surface of the CNM. This method allows explicit 44 control of the molecular weight (Mn) and polydispersity index (PDI). Alternatively, grafting from 45 involves in situ polymerisation of the monomer directly from the CNM. While the grafting from 46 approach promises high grafting ratios, it typically requires the attachment of an initiating group 47 prior to polymerisation [21] [22] [23] . Grafting from GO (graphite oxide) has been used to grow 48 polystyrene and different methacrylate polymers 22 . These polymers were grown on the surface of 49 GO using radical polymerisation; however, several preparation steps were involved, including 50 the addition of an alkyne molecule to the GO followed by an azide-terminated chain transfer 51 agent, required to initiate polymerisation. Reductive chemistry provides an alternative method 52 that avoids the use of complex initiators. The formation of polymers in GICs was proposed 53 several decades ago in the investigation of the influence of potassium graphite (KC8) in the 54 "catalysis" of olefin polymerisation 24 . The formation of a "graphite-polymer-composite" was 55 described in 1997 where the compound KC24 was prepared from highly oriented pyrolytic 56 graphite (HOPG) and reacted with isoprene or styrene vapour at room temperature 25 . A similar 57 technique was later used in 2006 to produce PMMA-functionalised single-walled nanotubes 58 (SWNTs) 26 . 59
The dispersibility of polymer-functionalised graphene in a specific solvent should be influenced 60 by the amount of grafted polymer and the distribution of the chains on the graphene surface but 61 these factors are poorly understood. The comparison between grafting from and grafting to 62 approaches has been described for the functionalisation of carbon nanotubes with polystyrene 27 , 63 which showed an increase in the dispersibility of the final materials as the grafting ratio 64 increased. A similar study was carried out with graphene oxide 22 ; in this case, the authors 65 reported an increase in the grafting ratio when using the grafting from approach. Here, we 66 explore how the combination of reductive chemistry and different grafting approaches can 67 influence the properties of the final product, such as chain length, grafting ratio, and hence 68 solubility. One of the objectives of this work was to maximise the ambient stability of exfoliated 69 graphene layers in organic solvents with minimal framework damage. PMMA was used as both a 70 classic anionic model system and a potentially relevant system in composite applications, for 71 example to increase dispersibility in epoxies 28 . 
GNPs were provided by Cambridge Nanosystems UK and used without further purification. 1-82
Bromododecane, dodecane, copper bromide (I) (CuBr), copper bromide (II) (CuBr2), N, N, N', 83 N'', , (1-bromoethyl)benzene, glacial acetic acid, 84 sodium (99.95%, ingot), naphthalene (99%), poly(methyl methacrylate), trifluoroacetic 85 anhydride and methyl methacrylate were provided by Sigma-Aldrich UK. Naphthalene was dried 86 under vacuum overnight over phosphorus pentoxide (P2O5) before using in the glove box. THF 87 was degassed via a freeze-pump-thaw method and dried over 20 % volume molecular sieves 3 Å 88 before use in the glove box. Methyl methacrylate was previously purified by passing the 89 monomer through an alumina column to remove stabilisers and then degassed using the same 90 method as the THF. CuBr was purified by washing with glacial acetic acid, followed by 2-91 propanol and stored under nitrogen atmosphere. 29 In order to carry out the ATRP process, 92 acetone and methyl methacrylate were distilled and stored under nitrogen. Immediately before 93 use both monomer and solvent were purged with nitrogen for 30 min. (1-bromoethyl)benzene 94 and PMDETA were used as received. Holey carbon films on 300 mesh copper grids used for 95 TEM experiments were purchased from Elektron Technology UK Ltd. Aluminium oxide 90 96 active neutral was provided by Merck UK. All gases supplied by BOC, UK. 97
Polymerisation of PMMA using ATRP 98
In a typical experiment, CuBr (1.09 mmol, 156.06 mg) and CuBr2 (0.054 mmol, 12.14 mg) were 99 added to a Schlenk flask, equipped with a stirrer bar, which was previously evacuated and 100 flushed with nitrogen. The flask was degassed and filled with nitrogen three times and then left 101 under nitrogen. Subsequently, methyl methacrylate (54.26 mmol, 6 mL) and acetone (3.12 mL) 102 were added to the flask. PMDETA (1.14 mmol, 238.8 L) was then added to the reaction 103 mixture and the solution was stirred until the Cu complex was formed. The mixture was 104 degassed using three freeze-pump-thaw cycles. The initiator ((1-bromoethyl)benzene) (1.05 105 mmol, 149.4 L) was added after this process and the flask was placed in an oil bath and stirred 106 at 50 C for different periods of time (30 min, 1 h and 2 h) in order to obtain different molecular 107 weight polymers. The reaction was then stopped by dilution with THF. The solution was filtered 108 through a column filled with neutral aluminium oxide using THF as solvent in order to remove 109 side products. The solvent was evaporated under reduced pressure and the polymer was 110 precipitated in dichloromethane/diethyl ether. In a typical experiment, 23 mg (1 mmol) of sodium and 128 mg (1 mmol) of dried naphthalene 117 were dissolved in 10 mL of degassed anhydrous THF in a nitrogen filled glove box, and stirred 118 using a glass stirrer for two hours forming a green sodium-naphthalene solution. 119
Exfoliated graphene 120
In a typical experiment, starting material GNP (15 mg) and a glass magnetic bar were placed in a 121
Schlenk tube and flame-dried at 400C under vacuum. The Schlenk tube was placed in the glove 122 box. 1.04 mL of the sodium naphthalide solution were added to the graphene followed by 11.46 123 mL of degassed THF (C:Na ratio used was 12, which corresponds to a sodium concentration of 124 0.01 M). 15 The suspension was stirred for 24 hours. In a typical experiment, starting material GNP (15 mg) and a glass magnetic bar were placed in a 132
Schlenk tube and flame-dried at 400C under vacuum. The Schlenk tube was placed in the glove 133 box. 1.04 mL of the Na-naphthalene solution were added to the graphene followed by 11.46 mL 134 of degassed THF. The suspension was stirred for 24 hours. After this period of time, the reaction 135 was sealed and transferred outside the glove box and previously degassed TFAA (0.31 mmol, 136 44.07 L) were added to the reaction mixture. The solution was allowed to stir for 24 hours. 137
After this period of time, dry N2/O2 80/20 vol% was bubbled into the solution for 15 minutes, the 138 solution was stirred for 1 day under N2/O2 80/20 for oxidation of any remaining charges on the 139 graphene. The graphene was then filtered through a 0.2 m PTFE filter membrane and washed 140 thoroughly with THF, water and ethanol. 141 PMMA functionalised graphene using the grafting from approach 142
In a typical experiment, starting material GNP (15 mg) and a glass magnetic bar were placed in a 143
Schlenk tube and flame-dried at 400C under vacuum. The Schlenk tube was placed in the glove 144 box. 1.04 mL of the Na-naphthalene solution were added to the graphene followed by 11.46 mL 145 of degassed THF. The suspension was stirred for 24 hours. After this period of time, the reaction 146 was sealed and transferred outside the glove box and different amounts of previously degassed 147 methyl methacrylate (1.56 mmol, 162 L (Mn = 800 g/mol), 3.12 mmol, 337 L (Mn = 1000 148 g/mol), 6.24 mmol, 674 L (Mn = 1400 g/mol), 9.36 mmol, 1.035 mL (Mn = 2300 g/mol)) were 149 added to the reaction mixture. The solution was allowed to stir for 24 hours. After this period of 150 time, dry N2/O2 80/20 vol% was bubbled into the solution for 15 minutes, the solution was 151 stirred for 1 day under N2/O2 80/20 for oxidation of any remaining charges on the graphene. The 152 graphene was then filtered through a 0.2 m PTFE filter membrane and washed thoroughly with 153 THF, acetone, water and ethanol. 154
PMMA functionalised graphene using grafting to approach 155
In a typical experiment, starting material GNP (15 mg) and a glass magnetic bar were placed in a 156
Schlenk tube and flame-dried at 400C under vacuum. The Schlenk tube was placed in the glove 157 box. 1.04 mL of the Na-naphthalene solution (1:1 in THF) were added to the graphene followed 158 by 11.46 mL of degassed THF. The suspension was stirred for 24 hours. After this period of 159 time, different amounts of brominated PMMA (0.104 mmol, 520 mg (Mn = 5000 g/mol), 0.104 160 mmol, 832 mg (Mn = 8000 g/mol), 0.104 mmol, 1.04 g (Mn = 10000 g/mol)) were added to the 161 reaction mixture. The solution was allowed to stir for 24 hours. After this period of time, dry 162 N2/O2 80/20 was bubbled into the solution for 15 minutes, the solution was stirred for 1 day 163 under N2/O2 80/20 vol% for oxidation of any remaining charges on the graphene. The graphene 164 was then filtered through a 0.2 m PTFE filter membrane and washed thoroughly with THF, 165 acetone, water and ethanol. 166
Measurements 167 TGA was performed using a METTLER Toledo TGA-DSC 1 integrated with a Hiden HPR-20 168 QIC EGA mass spectrometer under a N2 atmosphere. Samples were held at 100C for 30 min 169 under N2 flow of 60 ml/min, then ramped at 10C/min to 800C. XRD measurements were 170 carried out using dried powder samples. Data were processed using Polymer Labs Cirrus 171 software. These samples were loaded onto zero-background XRD sample holders. The 172 measurement was recorded at a scan rate of 0.108/s with the Cu Ka (1.542 Å) line using a 173 PANalytical X'Pert PRO diffractometer. Polymer Mn were assessed using a Polymer Labs GPC 174 50 system with two PL-gel 5 µ columns. Samples were eluted with dimethylformamide (DMF) 175 with 1% triethylamine (TEA) and 1% acetic acid. The instrument was calibrated to PMMA 176 standards. All XPS spectra were recorded using a K-alpha + XPS spectrometer equipped with a 177 MXR3 Al Kα monochromated X-ray source (h = 1486.6 eV). X-ray gun power was set to 72 W 178 (6 mA and 12 kV). Charge compensation was achieved using the FG03 flood gun using a 179 combination of low energy electrons and the ion flood source. Argon etching of the samples was 180 done using the standard EX06 Argon ion source using 500 V accelerating voltage and 1 µA ion 181 gun current. Survey scans were acquired using 200 eV pass energy, 1 eV step size and 100 ms 182 (50 ms x 2 scans) dwell times. All high resolution spectra (C1s, and O1s) were acquired using 20 183 eV pass energy, 0.1 eV step size and 1 second (50ms x 20 scans = 1000 ms) dwell times. 184
Samples were prepared by pressing the sample onto double side sticky carbon based tape. 185
Pressure during the measurement of XPS spectra was ≤ 1  10 -8 mbar. Thermo Avantage 186 software was used for data interpretation. Casa XPS software (version 2.3.16) was used to 187 process the data. The quantification analysis was carried out after subtracting the baseline using 188 the Shirley or two point linear background type. Peaks were fitted using GL(30) lineshapes; a 189 combination of Gaussian (70%) and Lorentzian (30%). All XPS spectra were charge corrected 190 by referencing the fitted contribution of C-C graphitic like carbon in the C1s signal 284.5 eV. 191 UV-vis-NIR absorption spectra were measured using a Perkin Elmer Lambda 950 spectrometer in the range of wavelengths between 800 and 400 nm. A quartz cuvette with 1 cm 193 pathlength was used for these measurements. Raman spectra of powder samples were measured 194 using a Renishaw in Via confocal Raman spectrometer equipped with a 532 nm excitation laser 195 source; mapping measurements were carried out using the Streamline mode (between 500 -1000 196 spectra over at least 3 different areas). Samples were prepared by drop casting graphene 197 dispersions on a glass slide. The exposure time was 10 s with a laser intensity of 3.2 mW and 198 grating 1800 l/mm. Data were analysed using Wire 4.1 and OriginPro 9. The D peak was fitted 199 by one Gaussian function, and the G and 2D peaks were fitted using a mixture of Lorentz and 200
Gaussian functions. Tapping-mode atomic force microscopy (AFM) measurements were taken 201 using Bruker MultiMode 8 AFM. Samples for AFM were prepared by drop-casting dilute 202 dispersed-graphene chloroform solutions on silica substrates. Prior to analysis, the samples were degassed with continuous N2 flow at 100 °C for 12 hours. 214
215

Results and discussion 216
The selected starting material was a type of GNP grown by chemical vapour deposition (CVD) ; 217 it provides a relatively crystalline framework by a simple one step synthesis, whilst offering high 218 exfoliation yields in subsequent reactions. The exfoliation of the GNP starting material was 219 carried out using a standard methodology developed for grafting short alkyl groups 15, 30 : sodium 220 and naphthalene were used as the reducing agent and transfer reagent (Scheme 1), respectively. 221
Tetrahydrofuran (THF) was used as the solvent due to its ability to coordinate sodium ions 31 . 222 PMMA was grafted from the graphenide by adding methyl methacrylate (MMA) monomer to the 223 chemically reduced graphene solution. GNP was exfoliated into FLG using a C/sodium ratio of 224 12 reported previously 15 , based on an optimum value found to balance the need to charge the 225 graphenide with the tendency for charge condensation. Sodium/MMA ratios of 1:15, 1:30, 1:60 226 and 1:90 were used in order to grow polymers of different molecular weights. The resulting 227 GNP-PMMA products were characterised using TGA-MS under nitrogen. The GNP starting 228 material shows a small mass loss (2.8 wt%) in the range from 100 °C to 800 °C (Figure S1A) , 229 probably due to the decomposition of organic impurities or oxygen functionalities, while the 230 exfoliated sample (Na-reduced FLG) shows a mass loss (13.8 wt%) related to the presence of 231 THF molecules in the sample (m/z = 41, Figure S1B ). TGA-MS of PMMA-grafted FLG 232 samples prepared using the grafting from approach ( Figure 1A top panel) show the expected 233 PMMA fragments (m/z = 69 and m/z = 100) evolved in the same temperature range on which 234 pure PMMA homopolymer fully decomposes ( Figure S3) . However, the m/z = 41 peak indicates 235 the presence of some solvent molecules within the graphene layers after the reaction, suggesting 236 the formation of stage-1 Na-THF-GICs complexes 15, 31 . In order to quantify the ratio of trapped 237 solvent and grafted PMMA on the graphene layers, the relative mass fractions of each 238 component were estimated from the MS peaks ( Figure S2 and Table S1 for more details). 239
Controls were prepared by mixing either MMA or PMMA-Br (Mn ~ 5000 g/mol) with quenched 240 Na-reduced FLG (ESI); in both cases, TGA-MS after work-up (Figure S6A-B) showed no 241
MMA-related signals, ruling out physisorption of either monomer or polymer. Grafting ratio is 242 defined as the weight percentage of covalently attached polymer relative to the graphitic carbon. 243
High grafting ratios were obtained using the grafting from approach (44.6% -126.5%, Table 1) . 244
There are actually a number of active sites which are expected to be determined by the number 245 of charges and is only a fraction of the total charge introduced 32, 33 . In order to estimate the 246 number of active sites initiating the polymerisation, the graphenide was functionalised with 247 trifluoroacetic anhydride (TFAA) (Scheme 1). This molecule is a similar size and contains a 248 trifluoromethyl group that can be detected using TGA-MS and XPS; whilst the reactivities of 249 TFAA and MMA may not be the identical, any variation will generate only a relative shift of 250 otherwise consistent grafting trends. Both techniques (Figure S5 ) quantified the fluorine-251 containing groups grafted on the layers (one group every 149 carbon atoms from XPS 252 calculations), and hence indicate the efficiency of the grafting reaction (Table S2) . Raman 253 spectroscopy ( Figure S5 ) also confirmed the introduction of these functional groups. The Mn of 254 the grafted polymer was estimated from the grafting ratio, by assuming the same density of 255 active sites ( Table S1) . The values varied from 800 g/mol up to 2300 g/mol, increasing as 256 expected with MMA:Na ratio. 257
Bromine-terminated PMMA polymers with different Mn were prepared for the grafting to 258 approach, using Atom Transfer Radical Polymerisation (ATRP), following a previous protocol 29 . 259 The polymerisation process was carried out varying the reaction times in order to obtain 260 polymers with different Mn in the range from 5000 to 10000 g/mol. As noted above, a simple 261 mixing control excludes possible physisorption. The negative charges on the graphene surface 262 react with the bromine-terminated polymer (electrophile), to form the products FLG-g-t 5000, 263 FLG-g-t 8000 and FLG-g-t 10000. TGA-MS analysis ( Figure 1A bottom panel) shows typical 264 PMMA fragments for all the grafted samples (m/z = 69 and m/z = 100). Mass loss values were 265 extracted from the TGA graphs taking into account the amount of trapped solvent ( Table 1) . 266
Grafting ratio decreases as the Mn of the grafted polymer increases (from 20.3% down to 12.6%, 267
for FLG-g-t 5000 and FLG-g-t 10000, respectively), likely due to increased steric hindrance as 268 discussed. 269 Grafting to approach Grafting from approach 0 number of additional oxygen functionalities on the graphene layers. The slight increase in the 314 absolute amount of oxygen after the exfoliation process (from 4% to 5%) could be due to the 315 presence of trapped solvent within the layers (Table 1) . On the other hand, when carrying out the 316 reaction using the grafting from and grafting to approaches, a significant increase in the COO-317 band appears, together with a broadening of the C=C/C-C band due to an increase in the number 318 of C-C bonds and a higher contribution from the C=O band. The oxygen and carbon atomic 319 percentages change very significantly after introducing the different polymers ( Table 1) . FLG-g-320 f 2300 has an oxygen content of 23.5% while FLG-g-t 5000 sample shows a lower value of 321 9.58%, consistent with a lower degree of functionalisation for the grafting to approach. The 322 grafting density (expressed as number of graphene carbon atoms per polymer chain) obtained 323
from XPS values is in good agreement with the results obtained from TGA values, after 324 subtracting the excess solvent still trapped within the graphene layers ( Table 1) . For the samples 325 obtained using the grafting from approach, the grafting density found from XPS varied between 326 150 and 340, which is close to the value obtained from TGA calculations (one functional group 327 every 149 carbon atoms). The low sodium content found in the samples (0.11% ± 0.02%) 328
indicates that the majority of the metal used for the exfoliation was removed by washing. 329
Deconvolution of the O1s spectrum ( Figure 3B ) results in two different peaks, O-C (532.05 eV) 330 and O=C (533.4 eV), related to PMMA, which are similar for the grafted samples. 331 suggests that the graphene layers of the initial material are partially exfoliated. After the 340 polymerisation process, a broadening of the (002) peak is observed for all samples, indicating 341 successful further exfoliation of the FLG material 37 . The average number of layers was 41 for the 342 GNP starting material (Table S6 ) and 16 for the Na-reduced FLG. After functionalisation with 343 PMMA, the number of layers per stack decreased to an average of 6 and 9 layers for the grafting 344 from and grafting to method, respectively. 345 
FLG-g-f 2300
The morphology and degree of exfoliation of the FLG-PMMA were assessed using Atomic 346
Force Microscopy (AFM) and Transmission Electron Microscopy (TEM) (Figure 4 (Figure 4B ) of Na-reduced FLG and FLG-g-f 2800 show a similar morphology to 360 the starting material (Figure S11) , suggesting that the exfoliation/functionalisation procedure did 361 not damage the graphene sheets. The lateral sizes for individual graphene sheets are in the range 362 between 200 and 500 nm, with no significant differences observed after functionalisation. 363
Overall, the TGA-MS and XPS data indicate that PMMA polymer was successfully introduced 364 on the graphene surface by both grafting from and grafting to methods. Both the grafting ratio 365 and the grafting density were higher for the graft from reactions ( Table 1) . Raman and XRD data 366 suggest that a much greater degree of exfoliation was achieved by the grafting from method, 367 which is also supported by AFM observations. 368
The grafting ratio trend of the grafting from products shows an increase from 44.6% (FLG-g-f 369 1100) up to 126.5% (FLG-g-f 2300) as the Mn increases ( Figure 5A) for the ring opening polymerisation of caprolactam on oxidised carbon nanotubes 38 (estimated 373 1280 -8480 g/mol). On the other hand, the grafting to products show the opposite trend in 374 grafting ratios, compared to the grafting from approach (Figure 5A ), most likely due to steric 375 hindrance. Once a polymer chain grafts on the graphene surface, its volume occludes a large area 376 of that surface, preventing grafting of another chain nearby. The grafting ratio of polystyrene-377 grafted to SWNTs was also reported to decrease with Mn 39 . For each of the FLG products, the 378 surface concentration of grafted polymer and average PMMA chain separation, D, were 379 estimated using the Na-reduced FLG specific surface area (420.08 m 2 /g ± 4.51 m 2 /g) ( Table 1  380 and Table S5 ) 30 . The dispersibility of PMMA-grafted FLG in acetone was quantified using UV-vis spectroscopy. 396
A known mass was sonicated in acetone for five minutes, allowed to sediment overnight, and the 397 supernatant concentrations measured using the extinction coefficient 11 of graphene in solution 398 (α660 = 2460 L/g m). The dispersibility of GNP starting material was low (3.8 g/ml) ( Figure  399 S12) but increased remarkably for Na-reduced FLG (530 g/ml) and polymer modified 400 graphene, by 250 times for FLG-g-f 1400 (920 g/ml) and 170 times for FLG-g-t 5000 (650 401 g/ml). The trend according to the grafting ratios shows an increase in the dispersibility of the 402 material as the grafting ratio increases for the grafting from approach (Figure 5 bottom panel) . 
Grafting to
On the other hand, the dispersibility behaviour remained the same for the different materials 404 obtained from the grafting to approach. These values are higher than values reported in the 405 literature for reduced-GO-PMMA with different Mn polymers attached to the graphene layers, 406 150 g/ml and 140 g/ml for graphene-PMMA g-f 10000 and graphene-PMMA g-t 5000, 407 respectively, 22 with grafting ratios of 49.3% and 50.7%, respectively. Improved grafting ratio 408 and dispersibility results in the present study are very promising for the incorporation of PMMA-409 grafted FLG into different matrices. 410
Conclusion 411
In conclusion, reductive chemistry provides a route to functionalise graphene with PMMA 412 polymers via both grafting to and grafting from approaches. Direct anionic polymerisation using 413 graphenide as an initiator was particularly effective for grafting PMMA in situ, without the need 414 of introducing specific initiator groups. The grafting ratio was high and systematically controlled 415 by monomer addition. The solubility in acetone of the grafting from products is directly related 416 to the Mn and grafting ratios (Figure 5) , with an increase in the solubility when increasing Mn; 417 however, it is not straight forward to measure the Mn of the polymer attached on the surface of 418 the graphene. On the other hand, while there is perfect control of the polymer Mn when using the 419 grafting to approach, the solubility and grafting ratios obtained are lower compared to the 420 grafting from approach. The use of reductive chemistry for in situ polymerization should allow 421 the introduction of block polymers and other variants in the future. This approach should also be 422 applicable to a range of graphitic starting materials including natural graphite, synthetic graphite 423 or FLG. The final polymer-graphene hybrids could be used in a wide range of applications, such 424 as sensors, as electrodes in energy storage materials, biomedical materials and in coatings for 425 fuselages. 426
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